Postoperative lip and nose forms following primary bilateral cleft lip repair selecting one/two stage surgery in comparison to those of healthy children  by Matsumoto, Kouzou et al.
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Purpose:  To analyze  the  short-term  outcomes  for the lip and  nasal  forms  after primary  treatment  following
our  surgical  strategy  for bilateral  cleft lip  with/without  palate  (BCL  ± P)  repair  selecting  one- or  two-stage
surgery  at Kagoshima  University  Hospital.
Patients and methods:  Twenty-one  patients  with  BCL  ±  P were  treated  and  followed  up  over  1 year  (1–6
years).  Patients  underwent  primary  lip repair  by  one-  or two-stage  surgery  depending  on the  prolabium
height,  medial-upward  advancement  of  nasolabial  components,  and  vestibular  expansion  using  two  cleft
margin  ﬂaps.  The  postoperative  lip  and  nasal  forms  were  longitudinally  measured  using serial  color
photographs  and  were  compared  to those  of  18  age-  and  sex-matched  healthy  Japanese  children.traight-line technique
riangular-ﬂap technique
Results: Postoperative  lip  form  showed  the  upper  lip  height  and  vermilion  mucosal  height  were  signif-
icantly  increased  compared  with  the  preoperative  values.  The  vermilion/cutaneous  lip height  ratio was
improved  to  the  same  level  as that  of  controls  at 3  years  of  age.  Symmetry  of lip  and  nasal  forms  was
successfully  achieved  postoperatively,  but the nasal  height  was  still  smaller  than  that  of controls.
Conclusions: Our  surgical  management  strategy  for BCL ± P will provide  well-balanced  and  symmetrical
lip  and  nasal  forms,  except  for  the  nasal  height,  without  damaging  an  infant’s  prolabium.
 Japan© 2013
. Introduction
Despite recent developments in cleft surgery, primary repair
or bilateral cleft lip (BCL) is among the most challenging issues.
 BCL involves more or less inherent tissue defects and deformi-
ies compared with other types of cleft. Therefore, primary repair
or BCL does not always achieve satisfactory outcomes. Patients
nd family often expect postoperative lip and nose forms to appear
naffected; however, at present, there seem to be no systematic
urgical strategies for BCL that can provide lip and nose forms at
he level of healthy subjects.
Surgical procedures for BCL repair with a small prolabium com-
ined with a vermilion defect and the protruded premaxilla are
mong the most challenging. There have been a considerable num-
er of surgical modalities for primary BCL repair, and they include
traight-line closure [1], interdigitations into the side of the pro-
abium [2–4], and transposition of lateral ﬂaps below the prolabium
5–9]. Each technique appears to have its own advantages and
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disadvantages. Recently, one-stage lip repair by transposition of
lateral lips below the prolabium has been widely used because
of several advantages, such as simultaneous columella lengthen-
ing and production of the upper lip tubercle with a color-matched
vermilion mucosa. Mulliken [5], MacComb [6], and Noordhoff [7]
reported successful outcomes of their synchronous lip and nose
repairs at primary lip repair, achieving columella lengthening using
the upper lip tissue and transpositioning the lateral ﬂaps below the
prolabium. However, these techniques sacriﬁce the irretrievable
upper lip tissue of infants with BCL, even though BCL is character-
ized as involving more or less inherent tissue defects. The inﬂuences
of resection of the lower portion of the prolabium on the future
growth and sensory function of the patient have not been fully
understood. The optimal lip and nose repair for BCL that provides
esthetically desirable outcomes, while minimizing surgical inter-
vention in the infant stage, remains controversial.
The current authors have engaged in BCL repair, approaching
each anatomical and pathological abnormality that could cause the
main deformities of BCL: protruded and rotated premaxilla, vertical
and horizontal disconnection of the lip segments, a varying degree
of small prolabium combined with a prolabium vermilion defect,
a short columella, and a ﬂat and ﬂared nasal form. Our surgical
evier Ltd. All rights reserved.
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Table 1
Lip  and nose deformities and treatment strategy for bilateral cleft lip.
Lip and nose deformities Anatomical pathological abnormalities Treatment
• Protruded and rotated premaxilla Anterior overgrowth of premaxilla Presurgical orthopedics, as possible
•  Disconnection of the lip segments Lateral and downward dislocation of lateral lip
segments
Disconnection of orbicularis oris muscle
Supraperiosteal dissection around piriform margin
Medial-upward advancement of nasolabial components
Repositioning of orbicularis oris muscle
•  Varying degree of small prolabium Shortage of the prolabial tissue Selection of one-stage or two-stage lip repair
Labial extension using a triangular-ﬂap technique, when the
prolabial  height was smaller than 10–11 mm
Shortage  of the prolabium vermilion Transpositioning of the lateral vermilion below the prolabium
•  Short columella Shortage of columella skin Columella extension using nasoalveolar molding, as possible
Secondary  columella extension, if necessary
•  Flat and ﬂared nose Growth disturbance of septal cartilage
Lateral and downward dislocation of major
ing
Secondary cartilage graft on the nasal tip, if necessary
Medial-upward advancement of nasolabial components
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Shortage of the nasal vestibular lin
trategy for the BCL may  be characterized as follows: (1) preopera-
ive infant orthopedics to improve the dislocated premaxilla and to
xtend the short columella, as much as possible; (2) supraperiosteal
issection around the piriform margin followed by simultaneous
edial-upward advancement of nasolabial components to improve
he vertical and horizontal discrepancy of the central and lateral lip
egments; (3) selecting one- or two-stage surgery depending on the
rolabial shortage to adjust the upper lip height; (4) reconstruction
f the orbicularis oris muscle including transposition of the lateral
ermilion below the prolabium; and (5) vestibular expansion using
left margin ﬂaps. Furthermore, if necessary, (6) secondary nose
orrection by columella extension with septal extension graft will
e performed after the patient matures (Table 1). The reasons why
e select one- or two-stage surgery for primary BCL repair were
ue to our experiences that it was difﬁcult to avoid a short lip and
 whistling deformity, or the unbalanced vermilion and cutaneous
ip height by one-stage lip repair in cases with an extremely small
rolabium. Additionally, when a triangular ﬂap was designed to
xtend the upper lip height in such cases, lip repair on both sides
hould be carried out separately so as not to disturb the blood sup-
ly for the lower portion of the prolabial tissue. Therefore, since the
rolabial size varied in patients with BCL, selection of one- or two-
tage lip repair depending on the preoperative prolabial height was
dopted in our department.
In  this study, short-term postoperative lip and nose forms fol-
owing our BCL repair selecting one- or two-stage surgery for
inimizing surgical intervention of the inherent lip tissues were
valuated in comparison to those of age- and gender-matched
ealthy Japanese children.
.  Materials and methods
.1.  Subjects
The subjects in this study included 21 patients who underwent
rimary lip repair for BCL with/without palate (BCL ± P) and were
ollowed up for 1–6 years. They were treated consecutively in the
epartment of Oral and Maxillofacial Surgery, Kagoshima Univer-
ity Hospital between 2005 and 2011. The subjects included 12
ales and 9 females, and 13 had complete bilateral cleft lip and
alate (BCLP), 3 incomplete BCLP, and 5 asymmetrical BCL. Accord-
ng to our surgical protocol, 9 patients underwent one-stage lip
epair (one-stage group), and 12 patients underwent two-stage
ip repair (two-stage group) by the same surgeon. For preoper-
tive infant orthopedics, nasoalveolar molding (NAM) plates [9]
ere used for 11 patients: 4 patients in the one-stage group and
 patients in the two-stage group.Vestibular expansion using cleft margin ﬂaps or free graft
Serial  photographs taken preoperatively, 1 year postoperatively,
and at 3 years of age were available for analyses of lip and nasal
forms. It was possible to follow only 18 patients for 3 years
of observations. Additionally, the photographs at post-ﬁrst-step
(post-1st-step) surgery were used for the patients in the two-stage
group. All photographs of a frontal view were taken from the center
of the face, and those of a lateral view were taken perpendicularly
from the tangent line of the center of the face by experienced staff
of the Cleft Lip and Palate Team in Kagoshima University Hospital.
The  Institutional Review Board at Kagoshima University Hospi-
tal approved the protocol of this study.
2.2. Surgical procedures
Since  the prolabial size varied in patients with BCL ± P, selec-
tion of one- or two-stage lip repair was made depending on the
preoperative prolabial height. When the patient’s prolabium was
larger than 10–11 mm,  one-stage closure was used, and when the
prolabium was smaller than approximately 10–11 mm,  two-stage
lip repair was performed. The reasons why we  set the threshold of
10–11 mm for selection of one- and two-stage surgery were due to
our experiences that the upper lip height on the unaffected side of
unilateral cleft lip (UCL) at primary lip repair of a 3- to 4-month-old
baby is approximately 11 mm,  and previous data reported by Mil-
lard [10] that the vertical height in healthy children at 3 months’ old
was about 11 mm.  Furthermore, since the midfacial height of sub-
jects with BCL ± P is often smaller than that of healthy subjects, the
threshold of 10 mm was adopted for subjects with a small midfacial
height.
2.2.1. One-stage lip repair
One-stage lip repair was  performed when the patient’s weight
exceeded 6 kilograms at 3–4 months of age.
(1) Incision lines for the straight-line technique [1] with/without
a  small triangular skin ﬂap 1 mm in width were designed with
the  same length among the prolabium and the lateral lips. The
vermilion  mucosa of the prolabium was separated along the
dry-wet  line. The dry mucosa was then utilized for the recon-
struction  of vermilion and the wet  mucosa was  attached to the
oral  vestibule. The excess tissues of cleft edge were used as cleft
margin  ﬂaps for the vestibular expansion (Fig. 1A).(2) The vestibular incision reached the top of the nasal dome, and
through  the vestibular incision, nasal undermining surrounding
the  piriform margin was performed. The nasolabial compo-
nents  were then advanced medially and upwardly, and the
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asolabial components and closure of the defect in the nasal vestibule using two-h
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defect of the nasal vestibule caused by the above advancement
was then covered using cleft margin ﬂaps (Fig. 1B and C).
3) The orbicularis oris muscle was separated into two parts: the
pars  peripheralis and the pars marginalis (Fig. 1D). The upper
parts  of the pars peripheralis of the lateral lips were connected
directly at the columella base. The vertically stripped pars
marginalis was hinged medially and transpositioned below the
prolabium to create the upper vermilion tubercle. The pro-
labium  was then sutured in an overlapping manner on the
muscle  from the lateral lips (Fig. 1E).
.2.2.  Two-stage lip repair
The  1st-step surgery was performed when the patient’s weight
xceeded 6 kilograms, and the 2nd-step surgery was  carried out
fter waiting for softening of the previous wound (3–4 months after
he 1st-step surgery).
.2.2.1.  The 1st-step surgery.
1)  The primary lip repair was performed ﬁrstly for the wider cleft.
A  triangular skin ﬂap was designed 1 mm above the peak of
Cupid’s  bow on the lateral lip in accordance with Cronin’s tech-
nique  (Fig. 2A) [11]. After measuring the preoperative vertical
lip  height in prolabium by calipers, the size of the triangular
ﬂap  was decided from the gap between this vertical lip height
in  prolabium and that of healthy infants of 3–4 months’ old
(10–11  mm).  The reason why we set the vertical lip height of
10–11  mm for a goal of lip repair was described before.
2) Through the vestibular incision and wide nasal undermin-
ing, the nasolabial components were advanced medially and
upwardly,  and the defect of the nasal vestibule was covered by
the  cleft margin ﬂaps (Fig. 2B).
3)  The orbicularis oris muscle was separated into the three parts,
and  reconstructed in different manners: overlapping in the
upper  portion of pars peripheralis, interdigitating the lowerin incision by a straight-line technique (B and C) Medial-upward advancement of
cleft margin ﬂaps. (D and E) Reconstruction of orbicular oris muscle. (F) Final view
portion of pars peripheralis, and transposition of a stripped pars
marginalis  below the prolabium (Fig. 2C).
2.2.2.2.  The 2nd-step surgery.
(1)  A skin incision was made in the same manner as in the 1st-
step  surgery referencing the surgical scar on the opposite side
(Fig.  2D). Supraperiosteal undermining, advancement of the
nasolabial  components, and covering of the defect using cleft
margin  ﬂaps were also performed as in the 1st-step surgery
(Fig.  2E).
(2) The orbicularis oris muscle was  reconstructed symmetrically in
the same manner as in the 1st-step surgery. The upper lip tuber-
cle  was made by connecting the stripped pars marginalis that
was  laterally transpositioned below the prolabium (Fig. 2F).
2.3. Measurement of pre- and postoperative lip and nose forms
Prior  to measuring lip and nose forms, all pictures were stan-
dardized on a personal computer (PC) so that the distance between
the bilateral medial ocular angles was  100.0 mm using 3D Rugle V
software (Medic Engineering Co., Kyoto, Japan). This was because
the pictures’ size and the individual cranial size differed in both
patients and controls. Furthermore, the pictures in patients from
the two-stage group were standardized with the 1st-step surgery
side being on the left.
2.3.1.  Landmarks
The  following facial landmarks were plotted on PC.
(1)  Origin: center of the left and right medial ocular angles (O).
(2) Subnasale point: the lowest point of the columella (SN).
(3) Cutaneous-mucosa junction of the upper lip: the point separat-
ing  the cutaneous lip and vermilion mucosa in the center of the
face  (CMJ).
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Fig. 2. Surgical procedures for two-stage primary lip repair for bilateral cleft lip with a small prolabium. (A) Design of skin incision at the 1st-step surgery using a triangular-
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n  the upper part of pars peripheralis, interdigitation in the middle part, and tran
nd-step surgery. (E and F) Completion of the lip and nose repair.
4) Vermilion border: the lowest point of the vermilion mucosa in
the center of the face (VB).
5) The distal points of the nasal alae on both sides (NA).
6) Alar base points on the left side (on the 1st-step surgery side)
(AB1)  and on the right side (on the 2nd-step surgery side) (AB2).
7) Cupid’s peaks on the left side (on the 1st-surgery side) (CP1) and
those  on the right side (on the 2nd-step surgery side) (CP2).
8) Nasal tip point: the point tangency on the nasal skin with the
perpendicular line crossing the pupil and distal ocular angle on
the lateral view (NT).
.3.2. Measurements of the lip and nose forms
Measurements of the lip and nose forms included the following
tems.
1) The midfacial height (MFH): the distance from the line crossing
the  bilateral medial ocular angles to the SN (Fig. 3A).
2) The cutaneous lip height (CLH): the distance from SN to CMJ
(Fig.  3A).
3) The vermilion mucosa height (VMH): the distance from CMJ  to
VB (Fig. 3A).
4) The vermilion/cutaneous lip height ratio (V/C ratio): to assess
the  balance of the vermilion mucosa to the cutaneous lip, the
ratio  between VMH  and CLH was calculated.
5)  The nasal width (NW): the distance between the distal points
of  nasal alae on both sides (Fig. 3A).
6)  The nasal height (NH): the distance from SN to NT (Fig. 3B).
To  standardize the photographs’ size, MFH  on the lateral view
(Fig.  3B) was standardized to match that on the frontal view
(Fig.  3A).
7) The ratio of the nasal alar base heights (ABH): the distances
between the line crossing the bilateral medial ocular angles and
AB  on both sides (ABH1 and ABH2) were measured (Fig. 3C). The
ratio  between ABH1 and ABH2 was calculated.
8)  The ratio of the Cupid’s peak heights (CPH): the distances
between the line crossing the medial ocular angles and CP onery. (C) Reconstruction of orbicularis oris muscle in different manners: overlapping
ion of the pars marginalis below the prolabium. (D) Design of skin incision at the
both sides (CPH1 and CPH2) were measured (Fig. 3C). The ratio
between  CPH1 and CPH2 was  calculated.
(9)  The curvature of the nasal alar groove arch (AGA): the outline
of  the alar groove arch was traced on pictures and scanned into
a  PC. The curvature of the appropriate circle of the alar groove
arch  on the left side (AG1) and the right side (AG2) was then
calculated (Fig. 3D) [12].
In order to eliminate inter-operator errors, a single examiner
(not a surgeon) plotted the facial landmarks, and measured lip and
nasal forms of all patients and controls.
2.4. Comparison of lip and nose forms between patients and
controls
The  lip and nose forms of patients with BCL ± P at 3 years of
age were compared to those of age- and sex-matched healthy chil-
dren. In the control group, frontal and lateral pictures reconstructed
using three-dimensional data, which had been obtained from vol-
unteers in a neighboring kindergarten using a 3D laser scanner
(VIVID-900, Minolta Co., Tokyo, Japan), were used. For obtaining
controls’ pictures, the plane containing the origin, left or right distal
ocular angle, and upper edge of the auricles was  deﬁned as the coro-
nal (X–Z) plane. Then, the plane perpendicular to that containing
the origin was deﬁned as the frontal (X–Y) projection, and the plane
perpendicular to X–Z and X–Y planes was  deﬁned as the lateral (Y–Z)
projection.
2.5. Statistical analysis
Data  are presented as mean and standard deviation (SD), and
evaluated using the SPSS statistical package. The data of MFH, CLH,
VMH, the V/C ratio, NW,  NH, the ABH ratio, the CPH ratio, and AGA
ratio of each of the one- and two-stage groups were compared
between preoperative stage, post-1st-step in only the two-stage
group, 1 year postoperatively, and at 3 years of age using one-way
analysis of variance. All items for measuring lip and nose forms of
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Fig. 3. Assessment of the lip and nasal forms using color photos. (A) MFH, CLH, VMH, and NW are demonstrated. The distances between the bilateral medial ocular angles
were  standardized as 100.0 mm.  (B) NH in the lateral view. MFH  on the frontal and lateral views were standardized. (C) ABH1 and ABH2 and CPH1 and CPH2 were measured.
(D)  The curvatures of AG1 and AG2 were measured. MFH, midfacial height; CLH, cutaneous lip height; VMH, vermilion mucosa height; NW,  nasal width; NA, nasal alae; SN,
s height
t
t
t
d
3
3
p
u
F
r
t
o
f
ﬂ
s
d
u
o
P
l
l
mubnasale  point; CMJ, cutaneous-mucosa junction; VB, vermilion border; NH, nasal 
he  nasal alar groove arch.
he one- and two-stage groups at 3 years of age were compared to
hose of controls using the Mann–Whitney test. The signiﬁcance of
ifferences was accepted when the p-value was  less than 0.01.
.  Results
.1. Pre- and postoperative view of patients who underwent
rimary lip repair for BCL ± P
Pre-  and postoperative views of representative patients who
nderwent one-stage lip repair for complete BCLP are shown in
ig. 4. Preoperatively, the premaxilla was severely deviated to the
ight side, and cleft lip was quite wide (Fig. 4A). The position of
he premaxilla and the cleft width were improved by presurgical
rthopedic plate and tape (Fig. 4B), and primary lip repair was  per-
ormed using a straight-line technique with a small skin triangular
ap (Fig. 4C). At the age of ﬁve, lip and nose forms were recovered
ymmetrically, and the deﬁciency of the vermilion mucosa was  not
etected (Fig. 4D and E).
Pre-  and postoperative views of representative patients who
nderwent two-stage lip repair for incomplete BCLP, whose intra-
perative views are demonstrated in Fig. 2, are shown in Fig. 5.
reoperatively, the premaxilla was signiﬁcantly smaller than the
ateral lips (Fig. 5A). The 1st-step surgery was  performed on the
eft side producing a tentative unilateral cleft lip condition at 3
onths of age (Fig. 5B), and the 2nd-step surgery was  performed; NT, nasal tip point; ABH, the nasal alar base height; CPH, Cupid’s peak height; AG,
at  7 months of age. The postoperative views at the age of 3.5 years
demonstrate symmetric and natural forms of lip and nose (Fig. 5C
and D).
Fig.  6 demonstrates the pre-, intra-, and postoperative views
of a patient with mixed BCL; incomplete cleft lip on the right
side and complete cleft lip on the left side (Fig. 6A). He under-
went presurgical orthopedic treatment using NAM for columella
elongation and improving the deviated premaxilla (Fig. 6B). At the
1st-step surgery, downwardly dislocated nasal ala on the left side
was advanced upwardly, and cranial-caudal discrepancy of lip and
nose height between the central and lateral segments was adjusted
without excision of any upper lip skin (Fig. 6C and D). The post-
operative views at the age of 2 years demonstrate symmetric and
well-balanced lip and nasal forms (Fig. 6E).
None of the patients developed serious sequelae such as infec-
tion or serious scar formation in the lip. No patients have undergone
additional lip and nose correction to date.
3.2. Comparison of lip and nose forms between pre- and
postoperative stages and controls
Mean and standard deviation of all measurements of lip and
nose forms at pre- and postoperative courses and in the healthy
Japanese children are shown in Table 2.
Comparison of mean MFH  of pre- and postoperative courses
demonstrated that MFHs of both one- and two-stage groups were
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Fig. 4. Pre- and postoperative views of a patient with complete bilateral cleft lip and palate treated by one-stage lip repair. (A) Preoperative view with severely deviated
premaxilla. (B) Incision lines for the straight-line technique with a small triangular skin ﬂap with 1 mm in width (C and D) Basal and frontal views at 5 years of age.
Fig. 5. Pre- and postoperative views of a patient with incomplete bilateral cleft lip and palate treated by two-stage lip repair. (A) Preoperative view demonstrating a
remarkably underdeveloped prolabium. (B) A tentative unilateral cleft lip condition produced by the 1st-step surgery. (C and D) Basal and frontal views at 3.5 years of age.
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Fig. 6. Pre- and postoperative views of a patient with asymmetric bilateral cleft lip and palate treated by two-stage lip repair. (A) Preoperative view demonstrating incomplete
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ears  of age.
igniﬁcantly increased at 3 years of age (p < 0.01, p < 0.01, respec-
ively), but mean MFH  of the two-stage group at 3 years of age was
till smaller than that of the controls (p < 0.01) (Fig. 7A).
Measurement of CLH demonstrated that preoperative mean
LH of the two-stage group was smaller than that of the one-
tage group. The mean CLHs in both one- and two-stage groups
ncreased postoperatively (p < 0.01, p < 0.01, respectively), but the
ean CLH in the two-stage group at 3 years of age was  still smaller
han that of the controls (p < 0.01) (Fig. 7B). The mean VMHs were
lso increased postoperatively in both one- and two-stage groups
p < 0.01, p < 0.01, respectively), and mean VMHs in both groups at
able 2
ean  and standard deviation of all measurements of pre- and postoperative lip and nose
Variables One-stage operation (n = 9) Two-stage
Preop 1-Year post 3 years of age Preop 
Assessment of lip and nose forms
MFH (mm)  81.13 ± 6.75 96.29 ± 14.40* 108.88 ± 8.44# 80.10 ± 9.0
CLH (mm) 26.38 ± 6.43 33.68 ± 8.92 37.00 ± 7.81# 19.25 ± 8.0
VMH (mm)  5.70 ± 2.93 21.98 ± 3.28* 20.05 ± 3.93# 12.32 ± 4.7
V/C ratio 0.25 ± 0.21 0.71 ± 0.26* 0.56 ± 0.17# 0.75 ± 0.56
NW (mm) 119.82 ± 13.32 118.12 ± 12.16 119.69 ± 12.97@ 109.86 ± 9
NH (mm)  n.d. n.d. 33.15 ± 7.98@ n.d. 
Assessment of symmetry
ABH  ratio 1.00 ± 0.03 0.99 ± 0.01 0.99 ± 0.02@ 0.98 ± 0.04
CPH ratio 0.99 ± 0.02 1.00 ± 0.01 1.00 ± 0.02 0.99 ± 0.03
AGA ratio 0.99 ± 0.07 1.03 ± 0.06 0.98 ± 0.08 0.99 ± 0.12
FH, midfacial height; CLH, cutaneous lip height; VMH, vermilion mucosa height; V/C ra
atio  of the nasal alar base heights; CPH, Cupid’s peak heights; AGA ratio, alar groove arch
.d.,  no data. All linear data were standardized so that the distance between the bilateral 
* Comparison between the forms at preoperation and 1-year postoperation, p < 0.01.
# Comparison between the forms at preoperation and 3 years of age, p < 0.01.
@ Comparison between the forms at 3 years of age and those of the controls, p < 0.01. treatment using nasoalveolar molding. (C and D) Basal and frontal and views at 2
3 years of age were at almost the same level as those of the controls
(Fig. 7C).
The  preoperative V/C ratios of the one- and two-stage groups
were 0.25 ± 0.21 and 0.75 ± 0.56, respectively, and these ratios
were different from those of the healthy subjects. The V/C ratio
of the one-stage group was signiﬁcantly increased postoperatively
(p < 0.01), and the mean V/C ratios in both one- and two-stage
groups at 3 years of age were at almost the same level as those
of the controls (Fig. 7D).
Regarding  the nasal form, the preoperative NW of the one-stage
group tended to be larger than that of the two-stage group.
 forms.
 operation (n = 12) Controls (n = 18)
Post-1st-step 1-Year post 3 years of age
2 88.00 ± 11.13 95.38 ± 6.67* 103.32 ± 11.86#,@ 114.27 ± 8.37
9 23.30 ± 6.21 33.16 ± 5.71* 33.64 ± 5.23#,@ 40.82 ± 4.18
3 16.11 ± 6.16 19.34 ± 5.01* 19.80 ± 6.43# 19.58 ± 3.46
 0.67 ± 027 0.61 ± 0.22 0.52 ± 0.16 0.49 ± 0.11
.09 107.63 ± 8.40 109.02 ± 10.77 108.90 ± 9.49 105.80 ± 8.02
n.d. n.d. 34.37 ± 5.54@ 40.61 ± 4.72
 1.03 ± 0.06 1.01 ± 0.03 1.01 ± 0.02 1.01 ± 0.01
 0.98 ± 0.08 1.00 ± 0.01 1.00 ± 0.01 1.00 ± 0.00
 1.03 ± 0.08 1.05 ± 0.07 1.04 ± 0.10 1.02 ± 0.08
tio, vermilion/cutaneous lip height ratio; NW,  nasal width; NH,  nasal height; ABH,
 (AGA) ratio.
medial ocular angles was 100.0 mm.
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Fig. 7. Mean and standard deviation of measurements at preoperation (1), post-1st-step surgery (2), 1-year postoperation (3), and 3 years of age (4) of the one-stage operation
group  (red bar), the two-stage operation group (blue bar), and the controls (green bar). Graphs show (A) midfacial height (MFH); (B) cutaneous lip height (CLH); (C) vermilion
m sal wi
1 years 
f
P
n
a
(
a
t
(
t
a
F
(ucosa height (VMH); (D) vermilion/cutaneous lip height ratio (V/C ratio); (E) na
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orms, p < 0.01).
ostoperatively, mean NWs  in both one- and two-stage groups did
ot change signiﬁcantly, and the mean NW in the one-stage group
t 3 years of age was larger than that of the controls (p < 0.01)
Fig. 7E). The data for NH were available at only 3 years of age,
nd the mean NHs in both one- and two-stage groups were almost
he same and were signiﬁcantly smaller than those of the controls
p < 0.01, p < 0.01, respectively) (Fig. 7F).Regarding the items reﬂecting symmetry of the lip and nose,
he mean ABH ratios ranged from 0.98 to 1.03 throughout the pre-
nd postoperative courses in both one- and two-stage groups. The
ig. 8. Graphs show (A) ratio of the nasal alar base heights (ABH ratio); (B) Cupid’s pea
@comparison between the values at 3 years of age and in the controls, p < 0.01).dth (NW); and (F) nasal height (NH) (*comparison between the preoperative and
of age forms, p < 0.01; and @comparison between the 3 years of age and the control
mean ABH of the one-stage group at 3 years of age (0.99 ± 0.02)
was smaller than that of controls (1.01 ± 0.01, p < 0.01) (Fig. 8A).
The mean CPHs of both one- and two-stage groups ranged from
0.98 to 1.00 through the postoperative course, and there were
no signiﬁcant differences when compared to that of the con-
trols at 3 years of age (Fig. 8B). The mean AGAs of one- and
two-stage groups demonstrated no signiﬁcant changes through the
pre- and postoperative courses, and there were no signiﬁcant dif-
ferences when compared to that of the controls at 3 years of age
(Fig. 8C).
k heights (CPH) ratio; and (C) curvature of the nasal alar groove arch (AGA) ratio
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. Discussion
Considering the characteristics of BCL, most surgeons agree that
he deformities are basically the combined results of the character-
stics of the UCL on both sides [13]. Owing to the lateral, downward,
nd backward dislocation of the bilateral skeletal framework, all
omponents of the lateral lip and nasal tissues are also dislocated.
onsequently, the attachments of the nasolabial muscles are mal-
ositioned, bilateral major alar cartilages are separated distally and
ownwardly, and nostril rim skin makes a web. Additionally, the
xcessive stress over the nasal tip and dorsum causes growth dis-
urbances of the septal cartilage, resulting in a short columella and
at nasal tip. Therefore, it is thought to be more physiological to
dvance lateral nasolabial components, including major alar carti-
age and nasolabial muscles, medially and upwardly, as occurs in
CL correction. This study was an attempt to elucidate whether the
ip and nose forms of patients with BCL ± P following our strategy
ould approach those of normal subjects, and what should be done
o improve our surgical procedures.
Before this study, a test of reliability of our photometric anal-
sis was conducted by comparing the measuring values between
he photometric and the anthropometric analyses of lip and nose
orms of 10 healthy volunteers. A single examiner (not a surgeon)
lotted the facial landmarks of on the face of 10 volunteers and
easured the distance between the bilateral medial ocular angle,
FH, and NW anthropometrically three times using Absolute Digi-
atic Caliper 500-151-20 (Mitutoyo Corp., Kawasaki, Japan). These
ata were compared to those measured on the photos of the same
olunteers, which were taken by our photometric technique. The
istances between the bilateral medial ocular angles were also
tandardized to 100.0 mm.  The results showed that the standard
rrors of each item were 2.01% in MFH, 3.07% in CLH, and 3.02%
n NH. On the basis of this test, our photometric analysis was con-
idered to be reliable for the morphological assessment of patients
ith BCL ± P. Furthermore, a test of the mechanical error of this
D laser scanner system used for the controls was previously con-
ucted and reported by Honda et al. [14], and the accuracy of this
easuring technique and the mechanical error were within 0.23%.
n the basis of previous tests, the scanner system was considered
o be reliable.
Although the results of the present analyses should be inter-
reted carefully because of a not strictly standardized photographic
echnique, the short-term follow up, and the relatively small sam-
le size due to the low incidence of BCL ± P, several conclusions
rom our data appear to be warranted. A major one is that our
urgical strategy for BCL repair including medial-upward advance-
ent of nasolabial components, selection of one- or two-stage lip
epair using the threshold of prolabial height of 10–11 mm,  and
estibular expansion can yield successful upper lip forms even in
 patient with a small prolabium and one with asymmetrical BCL.
bservation of the cutaneous lip height throughout the pre- and
ostoperative courses and comparison to the controls at 3 years of
ge demonstrated that the cutaneous lip height of the two-stage
roup was gradually increased in every surgery step, but was still
maller than that of the controls. However, when considering that
he midfacial height of the two-stage group was also smaller than
hat of the controls in this series, the balance of the upper lip and
he midface is thought to be improved to almost the same level as
n healthy children. The vermilion mucosa, which was  smaller in
oth the one- and two-stage groups preoperatively, was improved
o the same level as in healthy children at 3 years of age. Neither
histling deformity nor asymmetrical vermilion was observed in
atients with BCL in the present study.
It is thought that correction of the vertical discrepancies of the
pper lip segments is important to restore the natural upper lip
orm with smoothly continued Cupid’s bow for patients with BCL,ternational 10 (2013) 77– 86 85
as well as the adjustment of the upper cutaneous lip height. If the
vertical discrepancies of lip segments remain, the lip height of each
segment should be adjusted by adding or resecting the upper lip
tissue. Delaire [15] introduced the concept of functional lip closure
that suggested correction of the downward dislocation of the lip
and nose components simultaneously at the primary lip repair to
facilitate the future growth of the midface. Our surgical procedures
including synchronous repositioning of the nasolabial components
for BCL repair are also based on Delaire’s concept, although his sur-
gical procedures for BCL repair were not the same as our approaches
[13]. In our treatment strategy for BCL with a small prolabium,
the medial-upward advancement of the bilateral nasolabial com-
ponents after the supraperiosteal nasal undermining is performed
to reposition dislocated nasalis muscle and orbicularis oris mus-
cle and to reduce the gap of the upper lip height, and lip repair
using a triangular-ﬂap technique is then performed to adjust the
cutaneous lip height to the same level as in healthy subjects with-
out excision of any upper lip tissue. Furthermore, a gradual tissue
expansion effect on the prolabium height at each step of the two-
stage lip repair is thought to be helpful to restore a well-balanced
cutaneous lip and vermilion mucosa [2].
The second major conclusion is that our surgical strategy pro-
vides almost symmetrical nose form in both one- and two-stage
groups; however, their nasal forms at 3 years of age were still
different compared with those of healthy Japanese children. In
the present study, the symmetry of the nasal forms was  analyzed
by nasal alar base height ratio and curvature of alar groove arch
ratio. Regarding the nasal alar base height ratio, preoperative ratios
were almost 1.0 in both one- and two-stage groups. Although
the postoperative ratio in the two-stage group changed during
the postoperative course owing to the upward advancement of
the nasal alar base unilaterally, the ratios in both one- and two-
stage groups recovered to approximately 1.0 and no signiﬁcant
difference was  observed when compared to that of the healthy chil-
dren. Furthermore, the curvature of the alar groove arch ratio was
maintained symmetrically throughout the pre- and postoperative
courses in both one- and two-stage groups. These ﬁndings suggest
that our procedures for BCL nose repair successfully restore sym-
metry of the nasal alar form in patients with BCL. However, the
nasal heights of both one- and two-stage groups were smaller than
those of the controls and the nasal width of the one-stage group
was signiﬁcantly larger during the pre- and postoperative courses.
The nasal height and width are the major factors that inﬂuence the
nasal shape in the subjects with BCL, but satisfactory results in nasal
height and width were not achieved as the same level as the healthy
children following our strategy. Since the dislocated medial crura of
the major alar cartilage were not directly sutured nor was  the col-
umella extended during the primary lip repair in our procedures,
the small nasal height was as we expected. Secondary nose cor-
rection by columella extension with septal extension graft will be
needed after the patient matures. Furthermore, the present results
showing that pre- and postoperative nasal width did not change
throughout the postoperative course in the one-stage group sug-
gesting the need for improvement in our cinching suture of the pars
alaris of the nasalis muscle at the nasal base.
In the past, synchronous repair of BCL nasal forms during pri-
mary lip repair has been attempted [5–7]. MacComb [6] described
primary columella elongation using an external incision to perform
the apposition and suspension of the alar cartilages. Mulliken [16]
described his synchronous repair of the lip and nose by suturing
medial crura together with the upper lateral cartilage through alar
rim incisions and vertical midline nasal tip incisions. However, an
anthropometrical measurement of postoperative nasal forms fol-
lowing Mulliken’s method demonstrated that the postoperative
columella length and the cutaneous lip height of patients with
BCL ± P were shorter than those of healthy children [17].
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Regarding the preoperative orthopedics for BCL nose, Cutting
9] and Grayson [18], have described a new strategy for reconstruc-
ion of infants’ noses with BCL using NAM followed by synchronous
ip and nose repair with the dissection carried up the membra-
ous septum to the septal angle with short incisions laterally over
he lower lateral cartilage. The advantage of this technique con-
ists of it involving one-stage repair that leaves no scar on the
ose or lip other than the usual bilateral lip repair scars. However,
ith excessive elevation of the nasal tip in the cephalic direc-
ion, the nasolabial angle may  be too large. Mulliken [19], Kohout
t al. [20], and Kim et al. [21] mentioned greater nasolabial angles,
nd these obtuse angles were improved over time and the nasal
ip was blunted in their methods. When considering Asians, who
ave a smaller columella-labial angle than Caucasians, overpro-
ection of the nasal tip may  be a problem. In the present study,
e applied NAM for preoperative infant orthopedics in all sub-
ects with complete cleft palate for the purpose of improving the
eviated premaxilla and lengthening the short columella. Since the
osition of premaxilla is one of the major factors, which inﬂuence
he postoperative lip and nasal form, preoperative infant orthope-
ics repositioning the premaxilla into the center of the face was
hought to be available for achieving symmetric and well-balanced
ip and nose for BCL ± P in this series.
We  previously reported the three-dimensional nasal forms fol-
owing secondary repair of BCL nose based on our strategy, and the
esults demonstrated successful achievement of the natural forms
f nasal tip and nasal ala, and the nasal height was  improved to
he same level as in healthy Japanese adults [22]. In our treatment
trategy for BCL nose repair, columella extension by preoperative
nfant orthopedics, and medial-upward advancement of nasolabial
omponents and vestibular expansion using cleft margin ﬂaps or
ree mucosal graft are performed in the infant stage. To resolve the
ightness of the skin envelope around the nasal tip, which often lim-
ts the space for growing the nasal cartilage, we carefully performed
asal undermining along a single plane beyond the lower part of
he upper lateral cartilage and piriform margin. A deﬁnitive col-
mella extension is then carried out combined with sepal extension
raft after the patient matures. Following our treatment strategy,
lthough it involves more than one surgical step, it is expected that
he nasal form of patients with BCL will ﬁnally be restored to the
ame form as in healthy subjects.
For the treatment of cleft lip, it is indicated that surgeons should
onsider the change in the patient’s growth after surgery. The inﬂu-
nce of our procedures on lip and nasal growth is an important issue
hat has not yet been clariﬁed. Although subjects in our series have
ot shown any apparent growth disturbance during 1–6 years of
he postoperative course, long-term follow up will be necessary
o clarify effects on the growth of nasal tissues reconstructed in
nfancy.
[
[ternational 10 (2013) 77– 86
5.  Conclusions
Our treatment strategy minimizing the surgical intervention of
the upper lip tissues for BCL ± P will provide well-balanced and
symmetrical lip and nose forms, except for the nasal height. Our
patients may  need secondary nose correction when they mature.
References
[1] Manchester WM.  The repair of bilateral cleft lip and palate. Br J Surg
1965;52:878–82.
[2] Bauer TB, Trusler HM,  Tondra JM.  Changing concepts in the management of
bilateral cleft lip deformity. Plast Reconstr Surg 1959;24:321–32.
[3] Millard DR. Closure of bilateral cleft lip and elongation of columella by two
operations in infancy. Plast Reconstr Surg 1971;47:324–31.
[4]  Zheng JJ, Song XX, Zheng PP, et al. Modiﬁed bilateral cleft lip repair with
orbicularis reconstruction and prolabial self-elongation. J Oral Maxillofac Surg
1998;56:28–32.
[5]  Mulliken JB. Principles and techniques of bilateral complete cleft lip repair. Plast
Reconstr Surg 1985;75:477–87.
[6] MacComb H. Primary repair of the bilateral cleft lip nose: a 10-year review.
Plast Reconstr Surg 1986;77:701–6.
[7] Noordhoff MS.  Bilateral cleft lip reconstruction. Plast Reconstr Surg
1986;78:45–54.
[8] Salyer KE. Primary correction of the unilateral cleft lip nose: a 15-year experi-
ence. Plast Reconstr Surg 1986;77:558–68.
[9] Cutting C, Grayson B, Brecht L, et al. Presurgical columellar elongation and pri-
mary retrograde nasal reconstruction in one-stage bilateral cleft lip and nose
repair. Plast Reconstr Surg 1998;101:630–9.
10] Millard DR. Cleft craft. The Evolution of Its Surgery. Vol. II. The Bilateral Deformity.
Boston: Little, Brown and Company; 1976. pp. 19–38, 107–147.
11] Cronin TD. A modiﬁcation of the Tennison-type lip repair. Cleft Palate J
1966;3:376–82.
12]  Nakamura N, Sasaguri M,  Okawachi T, et al. Secondary correction of bilateral
cleft lip nose deformity—clinical and three-dimensional observations on pre-
and postoperative outcome-. J Cranio-Maxillofac Surg 2011;39:305–12.
13] Markus AF, Delaire J, Smith WP.  Functional primary closure of cleft lip. Br J Oral
Maxillfac Surg 1993;31:281–91.
14] Honda Y, Suzuki A, Nakamura N, et al. Relationship between primary palatal
form and maxillofacial growth in Japanese children with unilateral cleft
lip and palate: infancy to adolescence. Cleft Palate-Craniofac J 2002;39:
527–34.
15] Delaire J. Theoretical principles and technique of functional closure of the lip
and nasal aperature. J Maxillofac Surg 1978;6:109–16.
16]  Mulliken JB. Correction of the bilateral cleft lip nasal deformity: evolution of a
surgical concept. Cleft Palate-Craniofac J 1992;29:540–5.
17]  Kim SK, Lee JH, Lee KC, et al. Mulliken method of bilateral cleft lip repair:
anthropometric evaluation. Plast Reconstr Surg 2005;116:1243–51.
18] Grayson B, Santiago P, Brecht L, et al. Presurgical nasolaveolar molding infants
with cleft lip and palate. Cleft Palate-Craniofac J 1999;36:468–98.
19] Mulliken JB. Bilateral complete cleft lip and nasal deformity: an anthropo-
metric analysis of staged to synchronous repair. Plast Reconstr Surg 1995;96:
9–23.
20] Kohout MP, Aljaro LM,  Farkas LG, et al. Photogrammetric comparison of two
methods for synchronous repair of bilateral cleft lip and nasal deformity. Plast
Reconstr Surg 1998;102:1339–49.21] Kim SK, Kim MH,  Kwon YS, et al. Long-term results in the bilateral cleft lip
repair by Mulliken’s method. J Craniofac Surg 2009;20:1455–61.
22] Nakamura N, Okawachi T, Nozoe E, et al. Three dimensional analyses of nasal
forms following secondary correction of bilateral cleft lip nose deformity. J Oral
Maxillofac Surg 2011;69:e469–81.
